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[Name of Document] DESCRIPTION 

[Title of the Invention] METHOD OF SCREENING FOR A SUBSTANCE INHIBITING 
ACYLATED HOMOSERINE LACTONE 
[Scope of the Claim] 

[Claim 1] A method of screening for a substance inhibiting acylated homoserine lactone, 
comprising culturing animal cells with a test substance in the presence of acylated 
homoserine lactone represented by formula I: 
[Formula 1] 



[wherein R is C4-30 linear or branched acyl, which may be substituted] 

and detecting inhibition of Akt activity or inhibition of the survival signalling pathway in 

which Akt is involved in the cells. 

[Claim 2] The method of claim 1 , wherein inhibition of the survival signalling pathway in 
which Akt is involved is detected by detecting apoptosis. 

[Claim 3] A substance inhibiting acylated homoserine lactone, which is identified by the 
screening method of claim 1 or 2. 

[Claim 4] An acylated homoserine lactone inhibitor, which is identified by the screening 
method of claim 1 or 2. 

[Claim 5] A kit for using in the screening method of claim 1 or 2, comprising the 
following elements: 

a) an acylated homoserine lactone represented by formula I: 
[Formula 2] 
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(I) 



[wherein R is as defined above], 

b) an animal cell, and 

c) a means for measuring Akt activity. 
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[Detailed Description of the Invention] 
[0001] 

[Technical Field to Which the Invention Pertains] 
The present invention relates to a method of screening for a substance inhibiting 
biological activities such as the expression of pathogenesis factors in microorganisms and 
the generation of biofilms. 
[0002] 

[Prior Art] 

In nature, microorganisms must survive under various environments. They are forced 
to survive under environments that of course include oligotrophy, high or low temperatures 
and pH changes. In vivo environment, they are forced to survive under the presence of 
phagocytes or antimicrobial humoral factors (e.g., complements, antibodies and lysozymes). 
Under such circumstances, bacteria have acquired mechanisms for sensitively sensing 
changes in the environment where they exist. It has been reported as one of such 
mechanisms that microorganisms sense their own concentrations in the environment via 
specific signalling substances, and cleverly control their various biological activities 
according to the concentrations. Such a cell-to-cell signalling mechanism is referred to as 
the quorum sensing system. 
[0003] 

I-gene, R-gene and target genes, are basically responsible for the quarum sensing system. 
I-gene encodes an AI synthetic enzyme, and R-gene encodes a transcription activation 
factor (see Non Patent Document 1). The autoinducer, that is, a group of substances 
referred to as acylated homoserine lactone, is synthesized by the AI synthetic enzyme. 
Acylated homoserine lactone is a molecule that can pass through the outer bacterial 
membrane. Acylated homoserine lactone is diluted and does not exhibit biological 
activity when a bacterial concentration in an environment is low. However, as bacterial 
proliferation proceeds and bacterial density in the environment becomes higher, intra- and 
extrabacterial concentration of acylated homoserine lactone become higher. When the 
concentration reaches a certain threshold, binding of acylated homoserine lactone with 
R-gene product (transcriptional activator) is accelerated. This complex binds to the 
transcriptional regulatory region of target genes to promote the expression of the target 
genes, as a result, various biologically active substances are expressed. 
[0004] 

It has been reported so far that in clinically important bacteria such as bacteria of the 
genus Vibrio, Pseudomonas aeruginosa, Serratia and Enterobacter 9 acylated homoserine 
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lactone promotes the expression of pathogenic factors via the above quorum sensing 
system. Besides, it has also been shown that acylated homoserine lactone is involved in 
generation of biofilms by microorganisms (see Patent Document 1). 
[0005] 

Biofilms are membranes of organisms, which are generated in an environment with 
water, particularly on the medial wall surfaces of the duct materials of industrial facilities, 
the same of domestic piping systems, or the interface on medical transplants, or are 
generated as lesions of chronic infectious diseases and continue to exist. The biofilm 
comprises an organic gelatinous structure composed of substrate polymers secreted by 
resident microorganisms and microorganisms embedded in the structure. The formation of 
biofilms may limit or completely block the flow in a piping system, or may reduce the 
lifetime of materials by the corrosive action of embedded bacteria. Control and removal of 
biofilms from pipe or duct surfaces have been conventionally conducted through the use of 
corrosive chemical drugs such as chlorine or a strong alkaline solution, or by mechanical 
means. Such treatments are generally severe for both piping systems and the environment. 
Microbial resistance against an antimicrobial agent is mainly provided by the protection 
property of the substrate polymer of a biofilm. In the medical field, the use of high doses 
of antibiotics has been required for treatment of conditions where biofilms may be involved 
in. One of the reasons for this is thought to be that the protection ability of biofilm of 
bacteria is enhanced by extracellular substrate polymers. Therefore, there is a need to 
control biofilm formation in the medical, environmental and industrial fields. 
[0006] 

As described above, the expression of pathogenic factors and biofilm generation are now 
important issues, so that a method of screening for a substance that inhibits acylated 
homoserine lactone being involved in these biological activities of microorganisms has 
been desired. Since acylated homoserine lactone controls various activities in 
microorganisms, a substance inhibiting acylated homoserine lactone may be screened for by 
using the survival of microorganisms, or the like as an indicator. However, 
microorganisms themselves produce acylated homoserine lactone, thus causing bias. This 
is not preferred as a screening method. Hence, a more effective method of screening for 
an acylated homoserine lactone-inhibiting substance has been desired. 
[0007] 

In the meantime, regarding the effect of an acylated homoserine lactone molecule on 
animal cells, there have been only a few reports that N-(3-oxododecanoyl)-L-homoserine 
lactone stimulates IL-8 production in human alveolar cells (see Non Patent Document 2) 
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and that the substance promotes TNF-oc and IL-12 production in a mouse macrophage 
culture system (see Non Patent Document 3). All of these reports relate to inflammation 
or immune responses. Both the facts that acylated homoserine lactone inhibits the 
activities of Akt in animal cells and further induces apoptosis in animal cells have been 
completely unknown. 
[0008] 

[Patent Document 1] JP Patent Publication (Kohyo) No. 2002-514092 A 
[Non Patent Document 1] Marvin Whiteloy et al., Proc. Natl. Acad. Sci., 96, 
13904-13909 (1996) 

[Non Patent Document 2] Richard P. Phipps, J. Immunol., 167, 366-374, (2001) 
[Non Patent Document 3] Gary Telford et al., Infect. Immun., 66, 36-42, (1998) 

[009] 

[Problems to Be Solved by the Invention] 
An object of the present invention is to provide a method of screening for a substance 
inhibiting the biological activities of acylated homoserine lactone. 
[0010] 

[Means to Solve the Problems] 
As a result of intensive studies to achieve the above object, we have discovered that 
acylated homoserine lactone represented by formula I below inhibits the activity of Akt in 
an animal cell and effectively induces apoptosis in the animal cell. Furthermore, we have 
discovered that a substance inhibiting the biological activity of acylated homoserine lactone 
can be screened for by culturing animal cells with a test substance in the presence of 
acylated homoserine lactone, and then detecting inhibition of Akt activity or inhibition of 
the survival signalling pathway in which Akt is involved in the cells. Then, we completed 
the invention. 
[0011] 

That is, the present invention encompasses the following inventions. 
(1) A method of screening for a substance inhibiting acylated homoserine lactone, 
comprising culturing animal cells with a test substance in the presence of acylated 
homoserine lactone represented by formula I: 
[Formula 3] 
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[wherein R is C4.30 linear or branched acyl, which may be substituted] 

and detecting inhibition of Akt activity or inhibition of the survival signalling pathway in 

which Akt is involved in the cells. 

(2) The method of (1), wherein inhibition of the survival signalling pathway in which Akt is 
involved is detected by detecting apoptosis. 

(3) A substance inhibiting acylated homoserine lactone, which is identified by the screening 
method of (l)or (2). 

(4) An acylated homoserine lactone inhibitor, which is identified by the screening method 
of claim (1) or(2). 

(5) A kit for using in the screening method of (1) or (2), comprising the following elements: 
a) an acylated homoserine lactone represented by formula I: 

[Formula 4] 



[wherein R is as defined above], 

b) an animal cell, and 

c) a means for measuring Akt activity. 
[0012] 

[Mode for Carrying out the Invention] 
In the present invention, a compound represented by formula I: 
[Formula 5] 
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is referred to as acylated homoserine lactone. 
[0013] 

In formula I, R represents 04.30, preferably C8-20 and more preferably C 10.14 linear or 
branched acyl, which may be substituted. Examples of a substituent include hydroxyl, oxo 
and methyl. Unsubstituted saturated aliphatic acyl and saturated aliphatic acyl having oxo 
at position 3 are preferred. In addition, a linear form is preferred. 
[0014] 

Specific examples of R include, but are not specifically limited to, butyryl, 3-oxobutyryl, 
3-hydroxybutyryl, isobutyryl, valeryl, 3-oxovaleryl, isovaleryl, 3-oxoisovaleryI, pivaloyl, 
hexanoyl, 3-oxohexanoyl, heptanoyl, 3-oxoheptanoyl, octanoyl, 3-oxooctanoyl, nonanoyl, 
3-oxononanoyl, decanoyl, 3-oxodecanoyl, undecanoyl, 3-oxoundecanoyl, lauroyl, 
3-oxododecanoyl, tridecanoyl, 3-oxotridecanoyl, tetradecanoyl, 3-oxotetradecanoyl, 
pentad ecanoyl, 3-oxopentadecanoyl, palmitoyl, 3-oxopalmitoyl, heptadecanoyl, 
3-oxoheptadecanoyl, stearoyl, 3-oxostearoyl, nonadecanoyl, 3-oxononadecanoyl, icosanoyl, 
3-oxoicosanoyl, triacontanoyl, 3-oxotriacontanoyl, myristoyl, 3-oxomyristoyl and pyruvoyl. 
[0015] 

Specific examples of acylated homoserine lactone represented by formula I include, but 
are not specifically limited to, N-butyryl-L-homoserine lactone, 

N-(3-oxobutyryl)-L-homoserine lactone, N-(3-hydroxybutyryl)-L-homoserine lactone, 
N-isobutyryl-L-homoserine lactone, N-valeryl-L-homoserine lactone, 
N-(3-oxovaleryl)-L-homoserine lactone, N-isovaleryl-L-homoserine lactone, 
N-(3-oxoisovaleryl)-L-homoserine lactone, N-pivaloyl-L-homoserine lactone, 
N-hexanoyl-L-homoserine lactone, N-(3-oxohexanoyl)-L-homoserine lactone, 
N-heptanoyl-L-homoserine lactone, N-(3-oxoheptanoyl)-L-homoserine lactone, 
N-octanoyl-L-homoserine lactone, N-(3-oxooctanoyl)-L-homoserine lactone, 
N-nonanoyl-L-homoserine lactone, N-(3-oxononanoyl)-L-homoserine lactone, 
N-decanoyl-L-homoserine lactone, N-(3-oxodecanoyl)-L-homoserine lactone, 
N-undecanoyl-L-homoserine lactone, N-(3-oxoundecanoyl)-L-homoserine lactone, 
N-lauroyl-L-homoserine lactone, N-(3-oxododecanoyl)-L-homoserine lactone, 
N-tridecanoyl-L-homoserine lactone, N-(3-oxotridecanoyl)-L-homoserine lactone, 
N-tetradecanoyl-L-homoserine lactone, N-(3-oxotetradecanoyl)-L-homoserine lactone, 
N-pentadecanoyl-L-homoserine lactone, N-(3-oxopentadecanoyl)-L-homoserine lactone, 
N-palmitoyl-L-homoserine lactone, N-(3-oxopalmitoyl)-L-homoserine lactone, 
N-heptadecanoyl-L-homoserine lactone, N-(3-oxoheptadecanoyl)-L-homoserine lactone, 
N-stearoyl-L-homoserine lactone, N-(3-oxostearoyl)-L-homoserine lactone, 
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N-nonadecanoyl-L-homoserine lactone, N-(3-oxononadecanoyl)-L-homoserine lactone, 
N-icosanoyl-L-homoserine lactone, N-(3-oxoicosanoyl)-L-homoserine lactone, 
N-triacontanoyl-L-homoserine lactone, N-(3-oxotriacontanoyl)-L-homoserine lactone, 
N-myristoyl-L-homoserine lactone, N-(3-oxomyristoyl)-L-homoserine lactone and 
N-pyruvoyl-L-homoserine lactone. 
[0016] 

In particular, N-(3-oxodecanoyl)-L-homoserine lactone, N-(3- 
oxoundecanoyl)-L-homoserine lactone, N-(3-oxododecanoyl)-L-homoserine lactone, 
N-(3-oxotridecanoyl)-L-homoserine lactone and N-(3-oxotetradecanoyl)-L-homoserine 
lactone are preferred. 
[0017] 

The acylated homoserine lactone of the present invention can be synthesized by, for 
example, forming an amide bond between aliphatic carboxylic acid or the ester thereof and 
cyclic amino acid. Furthermore, acylated homoserine lactone can be synthesized by a 
method described in, for example, Chhabra, S. R., P. Stead, N. J. Bainton, G. P. C. Salmond, 
G. S. A. B. Stewart, P. Williams, and B. W. Bycroft, J. Antibiot., 46, 441-454, 1993, Zhang, 
L., P. J. Murphy, A. Kerr, and M. E. Tate, Nature, 362, 446-448, 1993, Schaefer A.L., B. L. 
Hanzelka, A. Eberhard, and E. P. Greenberg, J. Bacterid., 178, 2897-2901, 1996, and Gao, 
J. G. and E. A. Meighen. J. Bacteriol., 175, 3856-3862, 1993. 
[0018] 

Furthermore, the acylated homoserine lactone of the present invention is biosynthesized 
by microorganisms, so that it can be separated and purified using a method conventionally 
employed in the art from the culture product obtained by culturing microorganisms. 
[0019] 

The present invention is based on the finding that acylated homoserine lactone inhibits 
Akt activity in animal cells. 
[0020] 

Accordingly, in an embodiment of the present invention, screening for a substance 
inhibiting acylated homoserine lactone is carried out by culturing animal cells with a test 
substance in the presence of acylated homoserine lactone, and detecting inhibition of Akt 
activity in the cells. Specifically, when animal cells are cultured with a test substance in 
the presence of acylated homoserine lactone, the Akt-activity-inhibiting effect of acylated 
homoserine lactone, which is observed in the case of culture without the test substance, 
would not be observed or would be observed to decrease, and the test substance can be 
identified to be a substance inhibiting acylated homoserine lactone. 
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[0021] 

Akt activity can be detected using a method generally employed in the art, such as the 
Western blot using an anti-phospho-Akt antibody, that is, an anti-activated Akt antibody 
(for example, see Baumann CA et al., Nature, 407, 202-207, (2000); Holland EC et al., Nat. 
Genet., 25, 55-57, (2000)). This antibody has high reactivity and specificity against 
phospho-Akt, which is an antigen. By the use of this antibody, phospho-Akt can be 
extremely effectively detected. 
[0022] 

Akt is activated in the downstream of PI3K (phosphatidylinositide 3 -OH kinase), and 
plays an important role in the survival signalling pathway. The survival and death of cells 
are controlled by competition between apoptosis signalling and survival signalling. It has 
been reported that Akt becomes into an activated form by phosphorylation, and the 
activated Akt inhibits apoptosis in cells (see JP Patent Publication (Kohyo) No. 
2002-528390 A). 
[0023] 

It is known that activated Akt promotes cell survival via various substrates (Experimental 
Medicine Vol 19, No. 13 (extra issue), p. 11 6, 2001, YODOSHA). Moreover, it becomes 
clear that the survival-promoting mechanism mediated by Akt comprises 1) a pathway that 
suppresses apoptosis induction ability by directly phosphorylating molecules involved in 
apoptosis induction, and 2) a pathway that promote survival by regulating the transcription 
of apoptosis-promoting molecules or apoptosis-suppressing molecules using transcriptional 
factors as direct or indirect targets. Since Akt inhibits apoptosis via various substrates, 
inhibition of Akt activity has an effect on other molecules that are responsible for the 
survival signalling pathway in which Akt is involved, and finally causes apoptosis in cells. 
[0024] 

Hence, in another embodiment of the present invention, screening for a substance 
inhibiting acylated homoserine lactone can also be carried out by culturing animal cells 
with a test substance in the presence of acylated homoserine lactone, and detecting 
inhibition of the survival signalling pathway in which Akt is involved. The detection of 
inhibition of the survival signalling pathway in which Akt is involved can be carried out by 
detecting molecules involved in this pathway, the activities and the structures thereof, or 
their binding with other molecules and the like. Examples of molecules involved in the 
survival signalling pathway in which Akt is involved are not specifically limited as long as 
they are somewhat affected by the inhibition of Akt activity, and include, for example, 
caspase, Bad, Forkhead trascription factor and GSK-3. 
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[0025] 

Caspase is a member of a group of cysteine protease family that plays a critical role in 
the induction, determination and execution of apoptosis. When an inactive precursor of 
caspase is activated by limited degradation, a protease cascade is formed within cells and 
the signalling for apoptosis is carried out. That is, caspase activation results in apoptosis. 
Accordingly, caspase activation refers to the inhibition of the survival signalling pathway in 
which Akt is involved. Specifically, when animal cells are cultured with a test substance 
in the presence of acylated homoserine lactone, a caspase-activating effect of acylated 
homoserine lactone, which is observed in the case of cultures without any test substance, 
would not be observed or would be observed to decrease, and the test substance can be 
identified as a substance inhibiting acylated homoserine lactone. 
[0026] 

Among caspases, caspase-3 possesses the highest enzyme activity, and executes 
apoptosis using as substrates various proteins constituting cells, in addition to DNA 
fragmentation factors. Caspase-9 is activated when mitochondria having received damage 
caused by apoptosis induction stimuli releases cytochrome c so as to promote the 
multimerization of Apaf-1 • cytochrome c • pro caspase-9. It has also been reported that 
caspase-9 is directly phosphorylated by Akt, so that the activation of caspase-9 is inhibited. 
Caspase activity can be measured by a method generally employed in the art, for example, 
by Western blot. 
[0027] 

In addition, among MAP kinase super family members, JNK and p38 have been shown to 
be activated by various physicochemical stresses inducing apoptosis, suggesting the 
involvement of MAP kinase in apoptosis. MAP kinase is a member of a group of 
serine-threonine kinases, which is activated by phosphorylation of both amino acid residues 
of a threonine residue and a tyrosine residue when cells are stimulated with external stimuli 
such as a cell growth factor, and is universally present in eukaryotes from yeast to higher 
animals. This enzyme is a protein kinase molecule comprising monomeric catalytic 
subunits. The amino acid sequence is highly conserved evolutionarily, and is responsible 
for a part of the central role of intracellular signalling pathway that controls cell growth and 
molecules. We have discovered that acylated homoserine lactone promotes the activation, 
that is, the phosphorylation, of MAP kinase. Therefore, in an embodiment of the present 
invention, screening for a substance inhibiting acylated homoserine lactone can also be 
carried out by culturing animal cells with a test substance in the presence of acylated 
homoserine lactone, and then measuring the activity of MAP kinase in the cells. In the 
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present invention, among MAP kinase super family members, activities of ERK, p38 and 
JNK are preferably detected. MAP kinase activity can be detected by, for example, 
measuring activated MAP kinase (phosphorylated MAP kinase (phospho MAP)) by Western 
blot or the like, similarly to the method employed for detecting Akt activity. Specifically, 
when animal cells are cultured with a test substance in the presence of acylated homoserine 
lactone, a MAP kinase-activating effect of acylated homoserine lactone, which is observed 
in the case of culture without any test substance, would not be observed or would be 
observed to decrease, and the test substance can be identified as a substance inhibiting 
acylated homoserine lactone. 
[0028] 

Since the inhibition of Akt activity finally causes apoptosis, the present invention also 
encompasses the detection of apoptosis in "the detection of the inhibition of the survival 
signalling pathway in which Akt is involved." 
[0029] 

In the present invention, "apoptosis" has a meaning generally used in the art, and 
specifically refers to cell death, which is actively induced by a cell itself under 
physiological conditions. The morphology of apoptosis is characterized by chromosome 
aggregation in cell nuclei, fragmentation of cell nuclei, disappearance of microvilli of cell 
cortex, and chromatin condensation. Cells shrink, and then are immediately incorporated 
by surrounding cells such as macrophages without extracellular releasing of cell contents. 
Thus, apoptosis causes no inflammation and has no effect on surrounding cells. On the 
other hand, necrosis caused by environmental deterioration greatly differs from apoptosis in 
that cell contents are released. 
[0030] 

In the present invention, apoptosis in animal cells can be detected by a method generally 
employed in the art, and the method is not specifically limited. Examples of a method for 
detecting apoptosis include, but are not specifically limited to, a method that involves 
staining using, for example, DNA binding fluorescent dye such as aminobenzimide (e.g., 
Hoechst 33342, 33582 and 333258), and then observing chromatin condensation under a 
fluorescence microscope; a method that involves extracting and separating fragmented 
DNA by centrifugation or the like, and then quantifying by colorimetry and agarose gel 
electrophoresis or the like; the TUNEL (terminal deoxynucleotidyl transferase-mediated 
dUTP-biotin nick end labeling) method that involves histochemically detecting fragmented 
DNA; and a method of evaluating cell viability by Trypan blue staining. 
[0031] 
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In the present invention, a substance inhibiting acylated homoserine lactone refers to any 
of a substance inhibiting the action of acylated homoserine lactone on various cells, in 
particular, animal cells and microorganisms, an antagonist for the action, a substance 
inhibiting the secretion of acylated homoserine lactone, and a substance degrading acylated 
homoserine lactone. Examples of the action of acylated homoserine lactone on various 
cells are not specifically limited, and include an action to inhibit Akt activity, an action to 
induce apoptosis, an action inducing the expression of a phatogenic factor by cells, and an 
action inducing the generation of biofilms by microorganisms. 
[0032] 

The present invention is also characterized in that it uses animal cells in screening for a 
substance inhibiting acylated homoserine lactone. When a substance inhibiting acylated 
homoserine lactone is screened for by using microorganisms such as bacteria, the result is 
biased because bacteria themselves produce acylated homoserine lactone. However, since 
animal cells do not produce acylated homoserine lactone, highly reliable screening can be 
carried out. Animal cells that can be used in the present invention are not specifically 
limited. For example, cells derived from mammals and birds can be used, and cells 
derived from mammals, in particular, humans are preferably used. Furthermore, epithelial 
tissue, and in particular, cells derived from the epithelial tissue of intestinal mucosa (e.g., 
CaCo-2: human colon carcinoma cells); endothelial cells, in particular, vascular endothelial 
cells (e.g., PEC: endothelial cells derived from porcine thoracic aorta); and fibroblasts (e.g., 
NIH3T3 : mouse embryonic fibroblasts) are preferably used. Moreover, on the epithelial 
layer of intestinal mucosa covering the gut associated lymphatic tissue (GALT) such as 
Peyer's patch, specially-differentiated mucosal epithelial cells that are referred to as M cells 
are scattered. These mucosal epithelial cells play an important role in regulating immune 
response locally in the bowel and in the whole body by actively taking dietary antigens or 
enterobacteria and providing them to the immune tissue. Hence, the intestinal epithelium 
is a place where contact with substances produced by microorganisms is expected to take 
place. Examination of the direct action of acylated homoserine lactone using cells derived 
from the epithelial tissue of the intestinal mucosa enables to understand the action as a 
phenomenon that can actually occur in vivo in animals. In addition, among animal cells, 
cancer cells are preferably used. 
[0033] 

In the screening method of the present invention, stimulation with acylated homoserine 
lactone is carried out by culturing animal cells with a test substance in the presence of 
acylated homoserine lactone. Culture time for stimulation depends on the concentration of 
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acylated homoserine lactone, the detection method used and types of animal cells employed, 

and is, generally, between approximately 2 minutes and 72 hours. 

[0034] 

In the embodiment wherein screening is carried out by measuring Akt activity, it was 
shown that when animal cells were cultured in the presence of acylated homoserine lactone, 
Akt activity decreased for several hours after the start of culture, and then returned to the 
base level (see Example 1(3)). Therefore, in the screening method of the present invention, 
it is preferred that as a control, animal cells are previously cultured with acylated 
homoserine lactone in the absence of a test substance; culture time, during which activated 
Akt shows a decrease, is measured; and then within this time range, animal cells are 
cultured with acylated homoserine lactone in the presence of the test substance. The 
culture time in this case also depends on the concentration of acylated homoserine lactone 
and the types of animal cells used, and is generally between approximately 2 minutes and 2 
hours. 
[0035] 

Also in the embodiment wherein screening is carried out by measuring caspase activity, it 
was shown that when animal cells were cultured in the presence of acylated homoserine 
lactone, caspase activity increased for several hours after the start of culture, and then 
returned to the base level (see Example 5). Hence, similarly, it is also preferred for this 
case that as a control, animal cells be previously cultured with acylated homoserine lactone 
in the absence of a test substance, and then the culture time, during which activated caspase 
shows a decrease, be measured. Culture time in this case depends also on the 
concentration of acylated homoserine lactone and types of animal cells employed. The 
culture time is generally between approximately 1 and 8 hours. 
[0036] 

Similarly, in the case of activating MAP kinase by acylated homoserine lactone, when 
culture is carried out in the presence of acylated homoserine lactone, MAP kinase is 
activated once and the activity returns to the base level with time. The culture time in this 
case also depends on the concentration of acylated homoserine lactone and types of animal 
cells used, and is generally between approximately 2 minutes and 6 hours. 
[0037] 

Culture time in the case of screening by detecting apoptosis is generally between 
approximately 6 and 72 hours. 
[0038] 

In the screening method of the present invention, the concentration of acylated 
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homoserine lactone to co-exist with a test substance is generally between 1 and 500 \xM 9 
preferably between 20 and 200 |iM, and more preferably between 30 and 100 \xM. 
[0039] 

More specifically, when screening for a substance inhibiting acylated homoserine lactone 
is carried out using the epithelial cells of human-derived intestinal mucosa and Akt activity 
as an indicator, it is considered preferable to culture animal cells with a test substance in the 
presence of 10 |liM or more, preferably 30 to 200 |uM of acylated homoserine lactone, for 
approximately 2 minutes to 2 hours, preferably for approximately 2 to 60 minutes. 
Furthermore, when the inhibition of Akt activity, which should naturally be observed within 
the range of this culture time, is not observed, or the inhibition of Akt activity decreases, 
the test substance can be identified to be a substance inhibiting acylated homoserine 
lactone. 
[0040] 

When screening for a substance inhibiting acylated homoserine lactone is carried out 
using the epithelial cells of human-derived intestinal mucosa, and ERK activity as an 
indicator, it is considered preferable to culture animal cells with a test substance in the 
presence of 10 |aM or more, preferably 30 to 200 nM, acylated homoserine lactone, for 
approximately 2 to 30 minutes, and preferably for approximately 5 to 15 minutes. When 
screening for a substance inhibiting acylated homoserine lactone is carried out using the 
epithelial cells of human-derived intestinal mucosa, and p38 activity as an indicator, it is 
considered preferable to culture animal cells with a test substance in the presence of 10 \iM 
or more, preferably 30 to 200 |iM of acylated homoserine lactone, for approximately 5 
minutes to 6 hours, preferably for approximately 5 to 60 minutes. 
[0041] 

In the screening method of the present invention, media that are generally used for 
culturing animal cells can be used, and are not specifically limited. Examples of such a 
medium include DMEM media and BME media. As other culture conditions, conditions 
that are generally used for culturing animal cells can be used. 
[0042] 

In the present invention, after animal cells are cultured for the above period of time, 
reaction is stopped by, for example, rapidly cooling culture cells. Subsequently, Akt 
activity, caspase activity, apoptosis and the like in the animal cells are detected by the 
above-described methods. To immediately stop a reaction, the solvent may be removed. 
[0043] 

Examples of a sample that may contain a test substance to be screened for according to 
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the present invention are not specifically limited, and include animals (including 
microorganisms such as molds and Actinomycetes), plant extracts and artificial synthetic 
substances. 
[0044] 

The present invention also relates to a substance inhibiting acylated homoserine lactone 
that is identified by the above-described screening method. Examples of such a substance 
are not specifically limited, and include both natural and synthetic substances. The 
substance inhibiting acylated homoserine lactone of the present invention can be used 
independently, or be used as an antimicrobial agent together with a conventional 
antimicrobial agent. The substance inhibiting acylated homoserine lactone of the present 
invention can inhibit generation of biofilm, so that it is advantageous in that the substance 
can have an enhanced antimicrobial action against bacteria that have acquired drug 
resistance. Examples of a known antimicrobial agent that can be used with the substance 
inhibiting acylated homoserine lactone of the present invention are not specifically limited, 
and include penicillin (penam)-based antibiotics, cephalosporin (cephem) -based antibiotics, 
oxacephem-based antibiotics, penem-based antibiotics, carbapenem-based antibiotics, 
monobactam-based antibiotics, aminoglycoside-based antibiotics, macrolide-based 
antibiotics, chloramphenicol-based antibiotics, tetracycline-based antibiotics, 
glycopeptide-based antibiotics, phosphomycin-based antibiotics, lincomycin-based 
antibiotics, sulfa drugs, para-aminosalicylic acid preparations, isonicotinic acid hydrazide 
preparations and quinolone-based synthetic antimicrobial agents. 
[0045] 

An acylated homoserine lactone inhibitor that is screened for by the method of the 
present invention can be used as a biofilm inhibitor and as filter- and pipe-clogging 
inhibitors. Furthermore, since the acylated homoserine lactone inhibitor of the present 
invention inhibits the expression of pathogenic factors in microorganisms, it can also be 
used as a therapeutic agent against infectious diseases. 
[0046] 

The present invention also relates to a kit for using in the above-described screening 
method. This kit contains, for example, acylated homoserine lactone represented by 
formula I, animal cells and a means for measuring Akt activity in the animal cells. 
Examples of a means for measuring Akt activity include an anti-phospho-Akt antibody and 
a labeled secondary antibody against the antibody. As a labeled secondary antibody, an 
antibody that is generally used in the art, for example, an HRP-labeled anti-rabbit IgG 
antibody, an HRP-labeled anti-mouse IgG antibody or the like can be used. 
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[0047] 

[Example] 

In the following examples, experimental materials described below were used, unless 
otherwise specified. 
[0048] 

Dulbecco's Modified Eagle Medium (DMEM), fetal calf serum (FCS), non essential 
amino acid (NEAA) and penicillin/streptomycin (P/S) were purchased from SIGMA and 
used for cell culture. Dimethyl sulfoxide (DMSO) of Wako Pure Chemical Industries, Ltd 
was used as a solvent for N-acyl-L-homoserine lactone (AHL). PD98059 and SB203580, 
the kinase inhibitors, were purchased from CALBIOCHEM. For protein quantification, 
BCA Protein Assay Reagent (PIERCE) was used. Antibodies used herein were those of 
the following companies. An anti-phospho-p44/42 MAP kinase antibody, an 
anti-phospho-p38 MAP kinase antibody, an anti-phospho-SAPK/JNK antibody, an 
anti-phospho-Akt (Ser473) antibody, an anti-cleaved caspase-3 antibody, an anti-cleaved 
caspase-9 (D330) antibody, an anti-cleaved PARP (D214) antibody, and an HRP-labeled 
anti-rabbit IgG antibody were from Cell Signaling. A c-Myc mouse monoclonal antibody 
and an HRP-labeled anti-mouse IgG antibody were from SANTA CRUZ 
BIOTECHNOLOGY. An anti-a-tubulin antibody (Ab-1) was from CALBIOCHEM. 
[0049] 

Example 1 Analysis of MAP kinase activity and Akt activity by Western blot 

(1) Changes in MAP kinase activity and Akt activity in CaCo-2 cells stimulated with 

N-(3-oxododecanoyl)-L-homoserine lactone 

A CaCo-2 carcinoma cell line of human colon cancer was purchased from American Type 
Culture Collection (ATCC), and cultured at 37°C in the presence of 5% C0 2 using a 
DMEM medium containing 10% FCS, 1% NEAA and 1% P/S (100 units/ml penicillin and 
100 |ig/ml streptomycin). 
[0050] 

6xl0 5 CaCo-2 cells were inoculated per dish using 6 cm dishes (NUNC), washed twice 
with phosphate buffered saline (PBS) (-), and then cultured in a serum-free DMEM medium 
containing 1% NEAA for 24 hours. Subsequently, at a final concentration of 100 |iM, 
homoserine lactone hydrochloride and N-(3-oxododecanoyl)-L-homoserine lactone were 
each added, and then each solution was allowed to react for 10 minutes. Furthermore, 
purified acylated homoserine lactone used herein had been dissolved in DMSO in a 
concentration 400 times higher than the target final concentration, and then subjected to 
filter sterilization 0.22 ^im). As a control, DMSO with a final concentration of 0.25% 
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was used. In addition, a-tubulin was used as an internal standard. 
[0051] 

After reaction, the product was washed twice with cold PBS (-)> and then frozen at 
-80°C. The cells were thawed on ice. 200 jil of a lysis buffer (50 mM HEPES, pH 7.5, 
50 mM NaCl, 1 mM EDTA, 1.5 mM MgCl 2 , 1% Triton X-100, 10% glycerin, 10 mM 
sodium pyrophosphate, 1 mM Na 3 V0 4 , 100 mM NaF, 1 mM PMSF, 10 |Ltg/ml aprotinin and 
1 0 \xg/ml leupeptin) was added to the cells, and then the cells were scraped off using a 
scraper. The cells were allowed to stand on ice for 20 minutes, and then centrifuged at 
14000 rpm at 4°C for 15 minutes, thereby collecting the supernatant. Concentration of the 
collected protein was measured, and then the protein equivalent to 50 fig was subjected to 
SDS-PAGE. After electrophoresis, the product was blotted on a PVDF membrane. 
When phosphorylated ERK, JNK, p38 and Akt were measured, blocking was carried out 
with 0.1% Tween 20 (TBS-T) containing 5% skim milk/Tris-buffered saline. As primary 
antibodies, an anti-phospho-p44/42 MAP kinase antibody, an anti-phospho-SAPK/JNK 
antibody, an anti-phospho-p38 MAP kinase antibody, and an anti-phospho-Akt (Ser437) 
antibody were each used. As a secondary antibody, an HRP-labeled anti-rabbit IgG 
antibody was used. For the a-tubulin used as an internal standard, blocking was carried 
out with 5% bovine serum albumin (BSA)/TBS-T, and an anti-a-tubulin (Ab-1) antibody 
and an HRP-labeled anti-mouse IgG antibody were used as a primary antibody and a 
secondary antibody, respectively. For band detection, Renaissance™ Western Blot 
Chemi luminescence 255861 Reagent Plus (NEN) or Western Blotting Luminol Reagent 
(SANTA CRUZ BIOTECHNOLOGY) was used. Figure 1 shows the results. In the 
figures referred to below, 3-oxo-C12-HSL means N-(3-oxododecanoyl)-L-homoserine 
lactone. 
[0052] 

Regarding MAP kinase activity, activations of ERK, p38 and JNK were promoted only 
when N-(3-oxododecanoyl)-L-homoserine lactone was added. On the other hand, in 
CaCo-2 cells, Akt is normally in a phosphorylated (activated) form. However, the level of 
phosphorylated Akt significantly decreased by N-(3-oxododecanoyl)-L-homoserine lactone. 
[0053] 

The above results revealed that acylated homoserine lactone promotes the activations of 
ERK, p38 and JNK, while inhibiting the activity of Akt. 
[0054] 

(2) N-(3-oxododecanoyl)-L-homoserine-lactone concentration-dependent changes in 
MAP kinase activity and Akt activity in CaCo-2 cells 
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After cell culture, MAP kinase activity and Akt activity were analyzed by Western blot in 
a manner similar to that used in (1), except that N-(3-oxododecanoyl)-L-homoserine 
lactones in final concentrations of 0 jxM (0.25% DMSO), 1 |uM, 10 pM, 30 |iM and 100 pM 
were each added and each solution was allowed to react for 10 minutes (Figure 2). 
[0055] 

The results of quantifying the band intensities in Figure 2 by LAS- 1000 and converting 
the results into numerical data are each shown in Figures 3 and 4. At concentrations of 
10 |^M or more, the levels of phosphorylated ERK and p38 significantly increased. At 
concentrations of 10 jxM, 30 jaM and 100 jiM, ERK activity increased 1.5, 7.7 and 9.8 
times, respectively, and p38 activity increased 3.2, 4.4 and 5.4 times, respectively. For 
JNK activity, no concentration-dependent significant difference was observed. Also, the 
inhibition of Akt activity similarly began at 10 |iM. At 10 \xM, 30 pM and 100 pM, Akt 
activity decreased to 79%, 31% and 14%, respectively, of that in a case where no 
stimulation was provided. 
[0056] 

The above results showed that in CaCo-2 cells, 10 |iM or more acylated homoserine 
lactone significantly inhibits Akt activity. Moreover, it was also shown that 10 \xM or 
more acylated homoserine lactone activates ERK, p38 and JNK. 
[0057] 

(3) Changes with time in MAP kinase activity and Akt activity in CaCo-2 cells stimulated 
with N-(3-oxododecanoyl)-L-homoserine lactone 

After cell culture, N-(3-oxododecanoyl)-L-homoserine lactone with final concentrations 
of 30 |-iM and 100 jaM were added. For each case, MAP kinase activity and Akt activity 
were measured by Western blot in a manner similar to that in (1), except for carrying out 
stimulation with acylated homoserine lactone in a short time course of 0, 5, 10, 30 and 60 
minutes (Figure 5), and in a long time course of 0, 10 minutes, 60 minutes, 2 hours, 4 hours, 
6 hours, 8 hours and 10 hours (Figure 6). In the case of stimulation at 30 |xM, both ERK 
and p38 activities increased with a peak at 10 minutes. However, while ERK activity 
returned to the base level within 30 minutes, p38 activity lasted until 4 hours after 
stimulation. The inhibition of Akt activity in the case of stimulation at 30 \xM peaked at 5 
minutes and lasted until 60 minutes after stimulation, and returned to the base level within 2 
hours. ERK activation took place with two steps in the case of stimulation at 100 \xM. 
Specifically, in the first step, ERK activity peaked at 5 minutes and returned to the base 
level within 2 hours, and in the second step, ERK activity began to increase at 4 hours, 
peaked at 8 hours, and returned to the base level within 10 hours. The ERK activation in 
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the second step is thought to take place after DNA had been damaged. On the other hand, 
p38 activation in the case of stimulation at 100 pM peaked at 5 minutes, and p38 activity 
lasted until 8 hours after stimulation. The inhibition of Akt activity peaked at 5 minutes 
and lasted until 6 hours after stimulation. 
[0058] 

Example 2 Evaluation of viability by Trypan blue staining 

2x1 0 5 CaCo-2 cells were inoculated in a 3.5 cm dish (NUNC), washed twice with PBS 
(-), and then cultured in a serum-free DMEM medium containing 1% NEAA for 24 hours. 
Various agents [N-(3-oxododecanoyl)-L-homoserine lactones with final concentrations 
between 1 and 100 ^M] were added, followed by 12 hours of culture. 0.25% DMSO was 
used as a control. Subsequently, the supernatant and the cells removed from the dish using 
trypsin-EDTA (TE) were centrifuged at 800 rpm at room temperature for 5 minutes. The 
supernatant was removed, and then dilution was carried out with 200 \il of DMEM. 50 \il 
of the dilution was taken in an Eppen tube, an equivalent volume of Trypan blue stain was 
added, and then the cell count was measured using a hemacytometer. At this time, the 
sum of the dead cell count and the viable cell count to be measured was determined to be 
200 cells or more. 
[0059] 

A significant decrease was observed in viability in a manner depending on the 
concentration of N-(3-oxododecanoyl)-L-homoserine lactone. With 10 pM, 30 jiM and 
100 |iM N-(3-oxododecanoyl)-L-homoserine lactones, the viabilities respectively decreased 
to 90%, 55% and 51% (Figure 7). These results showing that the viability was 
significantly decreased at concentrations of 30 |iM or more, are consistent with the results 
showing that increased MAP kinase activity and the inhibition of Akt activity were 
significantly observed in Western blot analysis at around 30 p.M. Moreover, the viabilities 
in the case of adding 0.25% DMSO were both 94%. Thus, it is considered that since 
stimulation with 1 |iM N-(3-oxododecanoyl)-L-homoserine lactone resulted in a viability of 
94 %, the effect of DMSO on viability can be ignored. 
[0060] 

Example 3 Observation of chromatin condensation and determination of apoptosis by 
Hoechst33342 staining 

To determine whether the cell death of CaCo-2 observed in Example 2 were due to 
apoptosis or necrosis, morphological evaluation was carried out using Hoechst33342 
fluorescent dye for chromatin staining. 
[0061] 
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2x1 0 4 CaCo-2 cells were inoculated on an 8-well culture slide (Collagen I Cellware 
BioCoat, Becton Dickinson), washed twice with PBS (-), and then cultured in a serum-free 
DMEM medium containing 1% NEAA for 24 hours. 3-oxododecanoyl homoserine 
lactone was added at each concentration (1 to 100 jaM). After 12 hours of culture, the 
cells were fixed by 4% paraformaldehyde-3% sucrose/PBS, chromatin staining was carried 
out using Hoechst 33342 fluorescent dye, and then the cells were observed under a 
fluorescence microscope. With a magnification of x400, 5 visual fields were selected at 
random. Apoptotic cells and normal cells were counted and the proportion of apoptotic 
cells was calculated. These steps were denoted as n=l, and conducted 3 times or more. 
[0062] 

The apoptotic cells exhibiting chromatin condensation were observed at concentrations 
of 10 |iM or more of N-(3-oxododecanoyl)-L-homoserine lactone. However, in the cases 
of 0.25% DMSO and 1 \xM N-(3-oxododecanoyl)-L- homoserine lactone, only normal cells 
were observed (Figure 8). Figure 9 shows the result of quantifying apoptosis by counting 
apoptotic cells in which chromatin condensation was observed. The proportions of 
apoptotic cells to the total cell count were 15%, 39% and 50% respectively in the cases of 
10 jiM, 30 jiM and 100 |jM N-(3-oxododecanoyl)-L-homoserine lactones. These values 
are also consistent with the decreases in viabilities. Therefore, it was determined that cell 
death of CaCo-2 resulting from N-(3-oxododecanoyl)-L-homoserine lactone was due to 
apoptosis. 
[0063] 

Example 4 Evaluation of apoptosis by DNA fragmentation 

In another method for determining whether the cell death of CaCo-2 observed in 
Example 2 was due to apoptosis or necrosis, DNA fragmentation was evaluated. 
[0064] 

5xl0 6 CaCo-2 cells were inoculated per 15 cm dish (NUNC), washed twice with PBS (-), 
and then cultured in a serum-free DMEM medium containing 1% NEAA for 24 hours. 
N-(3-oxododecanoyl)-L-homoserine lactone was added at each concentration (1 fxM to 100 
jaM), followed by 12 hours of culture. Subsequently, the supernatant and the cells 
removed from the dish using TE were centrifuged at room temperature at 800 rpm for 5 
minutes, and the supernatant was removed. The cells were suspended with 300 \xl of PBS 
(-), and then the suspension was centrifuged again at 4°C at 2500 rpm for 5 minutes, and 
the supernatant was removed. The cells were lysed by the addition of 300 jlxI of a cytolysis 
buffer [10 mM Tris-HCl (pH 7.4), 10 mM EDTA (pH 8.0), 0.5% Triton X-100], and then 
allowed to stand on ice for 10 minutes, thereby extracting DNA fragments. The extract 
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was centrifuged at 4°C at 14000 rpm for 10 minutes. RNase A was added to the obtained 
supernatant, and then incubation was carried out at 37°C for 1 hour. Proteinase K was 
further added, and then incubation was carried out at 50°C for 30 minutes. The extract of 
the DNA fragments was concentrated by ethanol precipitation, and then electrophoresis was 
carried out using 2% agarose gel. After the gel was stained with ethidium bromide, DNA 
fragmentation was detected under a UV transilluminator. 
[0065] 

When the detection of a DNA ladder was conducted for CaCo-2 cells cultured for 12 
hours in the presence of each of 0 |iM, 1 |xM, 10 jaM, 30 pM and 100 |iM 
N-(3-oxododecanoyl)-L-homoserine lactones, the DNA ladder was observed at the 
concentrations of 30 pM or more (Figure 10). 
[0066] 

From the results, it is also considered that screening is preferably carried out at 
concentrations of 30 (iM or more of acylated homoserine lactones in the case of using 
CaCo-2 cells. 
[0067] 

Example 5 Measurement of caspase activity 

The activities of caspase (caspase-3 and caspase-9) and PARP (poly-ADP ribose 
polymerase) were measured in a manner similar to those in Example 1 by Western blot 
analysis using each of anti-activated (cleaved) caspase antibodies, that is, an anti-cleaved 
caspase-3 antibody, an anti-cleaved caspase-9 antibody (D330) and an anti-cleaved PARP 
antibody (D214). 
[0068] 

N-(3-oxododecanoyl)-L-homoserine lactones with final concentrations of 30 p,M and 100 
[iM were each added to cultured CaCo-2 cells. Caspase-3, caspase-9 and PARP activities 
were analyzed over time by Western blot at 0 hours, 1 hour, 2 hours, 4 hours, 6 hours, 8 
hours and 10 hours after culture. Figure 1 1 shows the result. Whereas at 30 pM, 
activated caspase-3 began to be detected 1 hour after stimulation and the activity lasted 
until 4 hours after stimulation, at 100 |iM the activity peaked at 6 hours and lasted until 10 
hours after stimulation. Cleaved caspase-9 and cleaved PARP were detected by reprobing 
each membrane. Whereas caspase-9 activity was observed to be strong at 1, 2 and 4 hours 
and its weak activity lasted until 8 hours after stimulation at 30 fiM, its strong activity 
lasted until 8 hours after stimulation at 100 jiM. Regarding cleaved PARP, it also showed 
behavior similar to that of cleaved caspase-9. 
[0069] 
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Next, 3 hours of reaction with N-(3-oxododecanoyl)-L-homoserine lactone was carried 
out at concentrations of 0, 1, 10, 30, and 100 jliM, and then caspase and PARP activities 
were measured. As shown in Figure 12, only at concentrations of 30 \xM and 100 |iM, 
cleaved caspase and cleaved PARP were detected. These results were also consistent with 
the result obtained by Western blot analysis showing that the activation of MAP kinase, the 
inhibition of Akt activity, decreased viabilities and the appearance of apoptotic cells 
significantly occurred at 30 pM or more. 
[0070] 

Example 6 N-0-oxododecanovl)-L-homoserine-lactone-dependent effects of various kinase 
inhibitors (PD98059 and SB203580) on apoptosis in CaCo-2 cells 

2xl0 5 CaCo-2 cells were inoculated per 3.5 cm dish, cultured for 12 hours in the 
presence of 10% serum, washed twice with PBS (-), and then synchronously cultured in a 
serum-free medium for 24 hours. Pretreatment with various inhibitors (50 jliM PD98059 
and 20 SB203580) or DMSO was carried out for 30 minutes. Then 30 jaM 
N-(3»oxododecanoyl)-L-homoserine lactone or DMSO was added, the cells were cultured 
for 12 hours, and then viability was measured by Trypan blue staining. Figure 13 shows 
the results. 
[0071] 

N-(3-oxododecanoyl)-L-homoserine lactone (30 \iM) caused viability to decrease from 
96% to 49%. The case of pretreatment with PD98059 (MEK inhibitor), the inhibitor of 
the ERK pathway, showed viability that was almost the same as that in a case where 
N-(3-oxododecanoyl)-L-homoserine lactone had been added alone. That is, no effect by 
pretreatment with PD98059 on viability was observed. On the other hand, in a case of 
pretreatment with SB203580, the p38 activity inhibitor, viability further decreased to 35%. 
[0072] 

Based on the above results, it can be said that no pathways of ERK or p38 are involved in 
N-(3-oxododecanoyl)-L-homoserine lactone-dependent decreases in viability. 
Furthermore, regarding p38, it was suggested that p38 indeed functions as a signal opposed 
to the negative factor, N-(3-oxododecanoyl)-L-homoserine lactone which induces 
apoptosis. 
[0073] 

[Effect of the Invention] 

By the screening method of the present invention, a substance inhibiting the effect of 
acylated homoserine lactone on various cells and a substance inhibiting generation of 
biofilm by microorganisms can be screened for. Moreover, when the identified substance 
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inhibiting acylated homoserine lactone is used simultaneously with a conventional 
antimicrobial agent, biofilm generation is inhibited, so that the effect of the antimicrobial 
agent can be enhanced from several to dozens of times. Hence, the antimicrobial effect 
against bacteria having drug resistance can be enhanced. Furthermore, with this enhanced 
antimicrobial effect, intractable infectious diseases can also be effectively treated. 
Furthermore, the expression of pathogenic factors by microorganisms can also be inhibited 
by the acylated homoserine lactone inhibitor, so that a strong therapeutic effect can be 
expected. Also in industrial application, clogging of filter pipes can be prevented with the 
acylated homoserine lactone inhibitor screened for by the method of the present invention. 
[Brief Description of The Drawings] 
[Figure 1] 

Figure 1 shows changes in MAP kinase activity and Akt activity in CaCo-2 cells 
stimulated with DMSO, homoserine lactone hydrochloride and 
N-(3-oxododecanoyl)-L-homoserine lactone. 
[Figure 2] 

Figure 2 shows N-(3-oxododecanoyl)-L-homoserine lactone concentration-dependent 
changes in MAP kinase and Akt activity in CaCo-2 cells. 
[Figure 3] 

Figure 3 shows the results of quantifying the band intensities of MAP kinase in Figure 2 
by LAS- 1000 and converting the results into numerical data. 
[Figure 4] 

Figure 4 shows the results of quantifying the band intensities of Akt in Figure 2 by 
LAS- 1000 and converting the results into numerical data. 
[Figure 5] 

Figure 5 shows changes with time in MAP kinase activity and Akt activity in CaCo-2 
cells stimulated with N-(3-oxododecanoyl)-L- homoserine lactone. 
[Figure 6] 

Figure 6 shows changes with time in MAP kinase activity and Akt activity in CaCo-2 
cells stimulated with N-(3-oxododecanoyl)-L- homoserine lactone. 
[Figure 7] 

Figure 7 shows the results of evaluating cell viability in the presence of acylated 
homoserine lactone by Trypan blue staining. 
[Figure 8] 

Figure 8 shows the results of determining apoptosis in cells in the presence of acylated 
homoserine lactone by chromatin condensation using Hoechst 33342 staining. 
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[Figure 9] 

Figure 9 shows the results of quantifying apoptosis by counting apoptotic cells for which 
chromatin condensation was observed. 
[Figure 10] 

Figure 1 0 shows the results of evaluating DNA fragmentation in order to determine 
whether the death of CaCo-2 cells was due to apoptosis or necrosis. 
[Figure 11] 

Figure 1 1 shows the results of measuring the culture-time dependency of caspase activity 
in the presence of acylated homoserine lactone by Western blot. 
[Figure 12] 

Figure 12 shows the results of measuring the acylated homoserine lactone concentration 
dependency of caspase activity by Western blot. 
[Figure 13] 

Figure 13 shows the effects of various kinase inhibitors (PD98059 and SB203580) on 
acylated homoserine lactone-dependent apoptosis in CaCo-2 cells. 
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[Figure 3] 
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[Figure 4] 
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[Figure 6] 
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[Figure 7] 
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[Figure 8] 
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[Figure 9] 
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[Figure 10] 
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[Figure 12] 



Cleaved-caspase 3 



Cleaved-caspase 9 




Japanese Patent Application No. 2003-021053 

[Figure 13] 




34 



Japanese Patent Application No. 2003-021053 



[Name of Document] ABSTRACT 
[Abstract] 

[Problems] An object of the present invention is to provide a method of screening for a 
substance inhibiting the biological activities of acylated homoserine lactone. 
[Means for Solution] A method of screening for a substance inhibiting acylated 
homoserine lactone, comprising culturing animal cells with a test substance in the presence 
of acylated homoserine lactone represented by formula I: 
[Formula 1] 



[wherein R is C4-30 linear or branched acyl, which may be substituted] 

and detecting inhibition of Akt activity or inhibition of the survival signalling pathway in 

which Akt is involved in the cells. 

[Selected Figure] None 
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